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A topcolor model is presented that contains both composite and fundamental scalar
fields. Strong dynamics accounts for most of the top quark mass and part of the elec-
troweak symmetry breaking scale. The fundamental scalar is weakly coupled and trans-
mits its share of electroweak symmetry breaking to the light fermions. The model is
allowed by the current experimental bounds, and can give a potentially large contribu-
tion to D0 − D¯0 mixing.
In this talk we present a topcolor model that contains two scalar fields: a composite
scalar generated by strong dynamics at a scale Λ, and a fundamental, weakly-
coupled scalar.1 For simplicity, we assume that the strong dynamics affect only the
fields tR and ΨL = (tL , bL). The role of the fundamental scalar is to transmit
electroweak symmetry breaking (EWSB) to the light fermions.
In most conventional models of dynamical electroweak symmetry breaking, light
fermion masses are achieved by introducing higher-dimension operators, suppressed
by the cut off of the theory. A complete set of such operators generically contains
some that contribute to flavor changing neutral current (FCNC) processes at unac-
ceptable levels. One may hope to make progress by exploring models in which these
operators have a renormalizable origin. However, as extended technicolor mod-
els demonstrate, the problem often persists. FCNC operators can be sufficiently
suppressed if they are proportional to the product of small, off-diagonal Yukawa
couplings, as in models where such operators are generated by the exchange of a
fundamental scalar field with the quantum numbers of the standard model Higgs
boson.2. If this scalar is integrated out of the theory, one obtains a conventional
topcolor model3, augmented by an acceptable set of higher-dimension operators,
including some which generate light fermion masses. If, on the other hand, the
fundamental scalar field remains in the low-energy theory, one obtains the model
we call bosonic topcolor above.1,4 An advantage of bosonic topcolor is that the fun-
damental scalar may share significantly in the breaking of electroweak symmetry,
so that the usual problematic relation5 between the dynamical top mass and the
electroweak scale can be successfully avoided.
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We note that the scenario described above may not be unnatural in the context
of large extra dimensions and low-scale quantum gravity.6 We see three reasons why
this may be the case: (i) Fundamental scalars arise in string theory. (ii) The Planck
scale can be low, so that the fine-tuning required to keep the fundamental scalar
light is no greater than that associated with the composite scalar. (iii) Exchange of
a nonperturbatively large number of gluon Kaluza-Klein (KK) excitations may pro-
vide the source of strong dynamics 7, while KK excitations of the fundamental scalar
(if it is a bulk field) couple non-universally and might provide a means for achieving
the desired vacuum tilting. Below we study the simplest (four-dimensional) effec-
tive theory, which assumes only (i) and (ii) above. We expect the phenomenology
of this model to be similar to more realistic examples yet to be explored.
Our high-energy theory is defined by
LH = DµH†DµH −m2HH†H − λ(H†H)2
−ht(ΨLHtR + h.c.) + κ
Λ2
ΨLtRtRΨL , (1)
where H is the fundamental scalar, and the last interaction term is of NJL type.
As mentioned before, we assume H couples weakly to all fermions, so that, in
particular, ht is small.
Just below Λ, we rewrite Eq. (1)
L = DµH†DµH −m2HH†H − λ
(
H†H
)2 − cΛ2Σ†Σ
−ht(Ψ¯LtRH + h.c.)− gt(Ψ¯LtRΣ+ h.c.) , (2)
where Σ = −gt(t¯RψL)/(cΛ2) is a non-propagating auxiliary field. At scales µ < Λ,
quantum corrections induce a kinetic term for Σ so that it becomes dynamical.
The low-energy theory is therefore a very nongeneric two-Higgs-doublet model of
type III. Study of the scalar potential at the scale µ reveals that both scalar fields
can acquire vacuum expectation values (vevs) and participate in EWSB, even when
m2H > 0. In this case EWSB is clearly triggered by the strong dynamics – no
negative squared mass term is introduced by hand.
For a fixed choice of the scales µ, and Λ, the phenomenology of this model
may be conveniently parameterized in terms of the couplings ht and λ, as well
as the ratio of Higgs vevs, tanβ. Setting Λ <∼ 100 TeV, and identifying µ with
the electroweak scale, allowed regions of the ht-λ plane are presented in Ref.
1,
for tanβ ≈ 1. This analysis takes into account the bounds from Higgs boson
searches, precision electroweak parameters and FCNC processes. As an example,
setting Λ = 10 TeV, we find an allowed region in the range 0.1 < λ < 5.0 for
3.2×10−3 < ht < 1.6×10−2. The range in ht is delimited from above by the bound
from the T parameter, and below from the b→ sγ branching fraction. For λ > 5.0,
the lower bound on ht comes from the S parameter, and reduces the allowed region
almost linearly from the range quoted above to 1.3 × 10−2 < ht < 1.9 × 10−2 at
λ = 10.0. Viable parameter ranges can be obtained for other choices of Λ as well.
2
Since the composite field Σ couples only to third generation, there is a potentially
distinctive source of flavor violation in the model. Consider the mass matrix for the
up-type quarks,
MU = Y UΣ
v1√
2
+ Y UH
v2√
2
, (3)
where the matrices Y are Yukawa couplings, and the vevs of Σ and H are given by
v1/
√
2 and v2/
√
2, respectively. Viable forms for the Yukawa textures are given by
MU =

 0 0 00 0 0
0 0 rgt

 v1√
2
+

 λ
8 λ5 λ3
λ5 λ4 λ2
λ3 λ2 ht

 v2√
2
, (4)
where λ = 0.22 is the Cabibbo angle, and r is a rescaling that results from placing
the Σ kinetic terms in canonical form. Notice that these matrices approximately
reproduce the correct up quark masses and CKM angles. Performing CKM-like
rotations to diagonalize MU yields 1-2 neutral scalar couplings of order λ5. Thus,
there is a contribution to D0-D0 mixing,
|∆mD
mD
|new ≈ λ10 f
2
D
12M2φ
[
−1 + 11 m
2
D
(mc +mu)2
]
. (5)
For fD ≈ 200 MeV, this contribution saturates the current experimental bound,
∆mD < 1.58×10−10 MeV, forMφ <∼ 495 GeV. Of course, it is possible to construct
textures such that this effect vanishes (for example, if the CKM angles originate
solely from the diagonalization of MD). Generically, however, we expect the new
contribution to D0-D0 mixing in this model to be large.
In this talk we have presented a model in which electroweak symmetry breaking
is triggered by third generation strong dynamics and transmitted to lighter fermions
by a fundamental scalar. The model is phenomenologically viable, and can give a
contribution to D0 − D¯0 mixing as large as the current experimental bound.
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